SUMMARY Restriction endonuclease analysis of specific gene sequences is proving to be a valuable technique for characterisation and diagnosis of inherited disorders. This paper describes detailed protocols for isolation, restriction, and blot hybridisation of genomic DNA. Problems and alternatives in the procedure are discussed and a troubleshooting guide has been provided to help rectify faults.
The development of techniques for the cloning1 and analysis2 of genes from complex organisms laid the foundation for the study of mutant genes associated with human inherited disorders. DNA from a person can now be cleaved into fragments of defined length by restriction endonucleases. The fragments are then separated by gel electrophoresis, blotted onto filters,2 and incubated with radioactively labelled gene specific probes. These probes, obtained by molecular cloning techniques, are isolated and characterised DNA sequences which will associate specifically with homologous genomic DNA sequences on the filter. Thus, only fragments containing part or all of the gene of interest will be detected. This new recombinant DNA technology was rapidly applied to the molecular characterisation and antenatal diagnosis of the haemoglobinopathies and thalassaemia.3-7 As cloning techniques have become more sophisticated, the number of purified, cloned human genes has proliferated to the extent that a recently published list8 is already out of date. A considerable number of genetic diseases are therefore amenable to DNA analysis, and the use of linked restriction fragment length polymorphisms9 10 has further extended the applicability of the technique.
These advances have brought DNA analysis within the scope of the clinical geneticist, and the techniques will ultimately become part of the routine service provided by human genetics departments. DNA blotting and molecular hybridisation Equipment A horizontal gel electrophoresis apparatus based on the design described by Southern2 was used. The dimensions of the gel mould were 183 mm (width) x 170 mm (length). The teeth of the 'comb' or well former were 10 mm in width and 1 mm thick. The gel chamber and 'comb' were constructed of Perspex with platinum wire electrodes.
The hybridisation chamber was made of Perspex and designed by Alec Jeffreys (Leicester University) (see fig 1 for details) .
Kodak X-Omatic was prepared containing 10 ,g DNA, 0 1 volume of 10 x restriction endonuclease buffer, 30 units restriction enzymes (3 U/Vg DNA), and 100 ,ug/ml nuclease-free bovine serum albumin. This was then incubated for 16 hours at the temperature required for the enzyme used. The condensate was collected by centrifugation for 10 seconds in an Eppendorf microcentrifuge. Digestion was terminated by the addition of 0*1 volumes of a 100 mmol/l EDTA stock (pH 7 0).
A 5 p1 aliquot was removed from each incubation mixture, mixed with 1 V.l of Orange G-ficoll, and electrophoresed in order to determine whether digestion was complete (see Discussion).
AGAROSE GEL ELECTROPHORESIS OF DNA RESTRICTION FRAGMENTS
Firstly, 0 6 % agarose horizontal slab gels were group.bmj.com on June 21, 2017 -Published by http://jmg.bmj.com/ Downloaded from prepared by adding 1 2 g of agarose powder to 200 ml of 1 x electrophoresis buffer and boiling until completely dissolved. The solution was then cooled to 650C and ethidium bromide added to a concentration of 1 ,ug/ml. The molten agarose was poured into the gel mould with comb in place (0 5 mm off gel bed) and allowed to set at room temperature for 1 hour.
A total of 5 ,ul ficoll-Orange G solution was added to each DNA digest. The samples were then applied to the gel and electrophoresed (in 1 x electrophoresis buffer, containing 1 ,ug/ml ethidium bromide) at 30 V for 30 minutes at constant voltage. After the samples had entered the gel, it was submerged in electrophoresis buffer and the electrophoresis continued overnight. About 10 000 cpm of a radiolabelled DNA molecular weight marker (see T4 DNA labelling, Methods) was applied to one lane of the gel before electrophoresis.
After electrophoresis was completed (Orange G had migrated to end of gel), the gel was placed on a UV transilluminator and photographed, using an orange filter.
TRANSFER OF DNA FROM AGAROSE GEL ONTO NITROCELLULOSE
The original method as described by Southern2 was used with a few modifications.
Pre-treatment ofgel The DNA in the gel was denatured by submersion in 300 ml denaturation buffer for 2 hours with gentle shaking. The that SSC is forced to move through the gel, and to prevent wrap evaporation of the SSC.
After transfer was completed, the position and orientation of the lanes of DNA in the gel were marked on the cellulose nitrate sheet with a black waterproof marker pen. The sheet was then cut into rectangular strips (two lanes per strip) to fit into the hybridisation chamber. The filters were then soaked in 2 x SSC for 10 minutes and baked at 800C for 2 hours. (The filters should not be allowed to adhere to each other during soaking.) HYBRIDISATION The protocol described by Jeffreys and Flavell15 was used for washing and hybridisation of the filters.
Pre-hybridisation washes The baked nitrocellulose strips were wet by flotation on a 3 x SSC solution at room temperature. The filters were then incubated with gentle shaking at 650C for 30 minutes in 50 ml preheated 3 x SSC. The filters were then washed in 50 ml of a solution containing 3 x SSC, 10 x Denhardt's (preheated to 650C) for 60 minutes. Finally, the filters were washed for 30 minutes at 650C in 50 ml of preheated hybridisation solution.
Hybridisation
Hybridisation was carried out in a hybridisation chamber as described in the Materials section. A total of 10 ml of the hybridisation buffer was placed in the chamber together with the heat denatured radioactively labelled probe (see next section). The washed filters were carefully placed into this mixture and the unit sealed and incubated at 650C with gentle shaking for 40 hours. A total of 5 ,ul of a solution containing 0 -2 mmol/l dNTPs (dATP, dTTP, dGTP) was pipetted into a 1.5 ml microcentrifuge tube on ice. Then, 0 5 ,g of probe DNA and 100 ,uCi of radioactive nucleotide was added, the mixture was made up to a volume of 45 pl with sterile distilled water, and 5 0d of a mixture of the DNA polymerase I (0 4 U/,u) and fig 3) .
POST-HYBRIDISATION WASHES
After hybridisation, the filters were washed in post-hybridisation buffer; 300 ml of post-hybridisation buffer preheated to 650C was divided equally among six containers. The filters were then washed for 1 minute at 650C in each of four containers, then washed for 30 minutes each in the remaining two containers. The filters were finally given 2 x 30 minutes stringency washes at 650C in 50 ml of stringency buffer. The wet filters were then aligned and heat sealed within a plastic bag.
The filters and x-ray film were placed in a cassette between two intensifying screens and the film was exposed at -700C for 1 to 14 days. The yield of DNA obtained will depend on the white cell count of the patient, but is generally 150 to 500 F±g per 10 ml of whole blood. An absorbance scan of the DNA (220 to 300 nm) should be run to determine whether impurities such as phenol or proteins are present (see fig 4) . workshops. Gels should be at least 150 mm in length to ensure accurate measurements of DNA fragment sizes and high resolution of the bands. Resolution will also be improved by electrophoresis at a low voltage for 12 to 16 hours rather than at a high voltage for a shorter period. Changes of pH which occur as a result of electrophoresis can be minimised by using a gel tank which holds a larger volume of buffer (2 to 3 1). Alternatively, the buffer can be circulated through the cathode and anode compartments.
RE-USE OF FILTERS
Glycerol or sucrose are often added to the restriction digests before loading on the gel to increase the density of the solution. However, these low molecular weight solutes cause streaming of the sample up the side of the well, which leads to the production of U shaped DNA bands. Ficoll avoids this effect. Bromophenol blue or Orange G can be used as a sample marker dye, but Orange G TRANSFER OF DNA ONTO NITROCELLULOSE The rate of transfer of DNA out of the gel depends on DNA size and the thickness and agarose concentration of the gel. Large fragments (>10 kb) are transferred very slowly. They may be broken down in the gel before transfer either by irradiation of the DNA on the transilluminator for 5 to 10 minutes or by partial depurination with dilute acid followed by strand cleavage with alkali.19 The partial depurination procedure is not usually necessary, but may be included if large restriction fragments are to be detected. If fragments of < 10 kb are to be detected, an overnight transfer (without depurination) is sufficient.
The type of nitrocellulose paper used can significantly influence the sensitivity of detection of DNA fragments. We have found that Schleicher and Schuell nitrocellulose binds DNA more efficiently than several other brands.
Once the filters have been baked after transfer, they can be stored for several months at 40C before hybridisation with the DNA probe.
HYBRIDISATION OF PROBE TO FILTERS
Ilybridisation can be carried out in a perspex box (fig 1) or a sealed plastic bag. We have found that the slight inconvenience of cutting up the filters to fit the hybridisation box is more than adequately compensated by the lack of background signal obtained. The filters should be well covered by the probe solution during hybridisation and should not be allowed to dry out until after the final stringent washes have been done.
The time required for adequate hybridisation depends on the concentration and sequence complexity ofthe probe, the temperature ofhybridisation, and the salt concentration of the probe solution.'220 An overnight hybridisation is sufficient to detect single copy genomic sequences using the conditions described here (see methods), provided that the specific activity of the probe is not less than 1 x 108 cpm/,Vg DNA. However, we routinely hybridise for about 40 hours.
Sequence specific probes are generally recombinant plasmids containing complementary DNA (cDNA) or genomic DNA sequences. Before using such a probe for the first time it is important to establish that it contains the desired insert. This can be done by comparing its electrophoretic mobility with that of the parental plasmid and checking that it produces the expected fragment sizes after digestion with one or two restriction enzymes. Either the entire recombinant plasmid can be 
